A n abnormally low CSF pressure (< 6 cm H 2 O in the lateral recumbent position), in the absence of lumbar puncture or known trauma within the cen tral nervous system, is clinically referred to as spontane ous intracranial hypotension and is typically characterized by postural headaches. 15 This uncommon condition has been reported more frequently in the past decade with the widespread use of MR imaging. However, when a CSF leak is in the cervical region of the vertebral column, it can be very difficult to locate despite the recent advances in imaging. An EBP performed in the lumbar region has been found to be very effective in treating cases of intra cranial hypotension due to lumbar puncture. 1, 7 Perform ing an EBP in the cervical region can be very challenging given the narrow space, that the volume of blood to inject is not known, and the proximity to important neurologi cal structures. Although cases in which an EBP has been applied at the thoracic and low cervical regions have been reported in the recent literature, 2, 6, 8, 10, 19 to our knowledge only 2 cases involving an EBP procedure performed at the C2 level have been reported. 9, 14 The uniqueness of the present case report lies in the neurological presenta tion of bilateral recurrent subdural hematomas due to a high cervical dural tear and in the nonsurgical conserva tive treatment.
Case Report
History and Presentation. This 56yearold previous ly healthy man presented to our hospital with a 4month history of progressively worsening headache and pain in the neck accompanied by nausea and vomiting. Head ache was primarily occipital in location and radiated to the parietal region bilaterally. His symptoms were absent when lying down and worse when sitting up or standing. He did not have any fever.
The patient's symptoms had started 4 months ear lier as low back pain following a day of heavy physical activity. When he did not get any relief after taking non steroidal antiinflammatory drugs for pain for about 2 weeks, he was evaluated by his primary care physician. After a physical examination of the patient's back and neck, the primary care physician recommended massage therapy and chiropractic manipulation. The patient stated that he developed a newonset headache and pain in the neck immediately after the massage therapy. The symp toms worsened even further during the next 2 days. He consulted a chiropractor who referred the patient to the emergency service of a local hospital. At the emergency room a CT scan was performed and did not show any gross abnormality.
After neurological workup, including brain MR im aging, revealed no explanation for the headaches, the distinct postural nature of the patient's symptoms was recognized and intracranial hypotension was suspected. The patient was then referred to a local pain clinic where a lumbar EBP procedure (15 ml of blood injected) was performed; the patient was sent home immediately after the procedure. After about 24 hours of relief, the patient's symptoms reappeared and he was brought to the emer gency service of our hospital.
Operation and Postoperative Course. Magnetic res onance imaging of the brain revealed bilateral subdural hematomas (Fig. 1A) . The patient became confused and progressively symptomatic from the subdural hemato mas, necessitating surgical drainage. Because of the dis tinct postural nature of his headaches, an idiopathic CSF leak was suspected. An MR image of the spine did not reveal evidence of CSF leak (Figs. 1B and C). Due to our suspicion of a CSF leak, a lumbar EBP procedure was performed with 20 ml of autologous blood (with bed rest for 24 hours after the procedure), resulting in relief of headache and associated symptoms for a week. Never theless, the patient's symptomatic subdural hematomas recurred and he presented again to the emergency service ( Fig. 2A) , requiring surgical drainage of the hematomas. After the second subdural drainage surgery a spinal col umn CT myelogram was performed. This study revealed an occult C1-2 CSF leak (Figs. 2B and 2C).
Since 2 lumbar EBPs had failed, after obtaining con sent and explaining the risk, we took the patient to the operating room for cervical EBP placement. The epidural space was entered at C6-7 using the lossofresistance technique with the aid of fluoroscopic guidance and with the patient in the prone position. A radioopaque epidural catheter was then threaded up to the junction of C1-2, with the position confirmed by injection of contrast medi um demonstrating cervical nerve root spread (Fig. 3) . The epidural needle was removed and the catheter secured, and the patient was then turned supine. The patient was oriented and could cooperate for a complete neurologi cal examination. Sterile autologous blood (10 ml) was in jected via the catheter slowly with frequent neurological examination over a period of 30 minutes. The catheter was then flushed with 1 ml of saline and left in place, to allow a repeat injection the next day if needed. The patient was transferred to the neurointensive care unit for monitoring and remained at bed rest. The following day, in the intensive care unit, the patient had a dramatic im provement in symptoms, but still had a slight headache when an upright posture was attempted. A test dose of lidocaine (3 ml of 1.5%) was injected via the catheter to confirm that the epidural catheter had not migrated. With the patient fully awake to cooperate for repeated neuro logical examination, a second EBP was applied, again us ing 10 ml of autologous sterile blood, and the epidural catheter was then pulled out. The patient was instructed to observe strict bed rest for the next 24 hours. After the second cervical EBP procedure, the patient's postural headache symptoms improved dramatically within 24 hours. Followup CT scans of the brain at 1, 4 (Fig. 4) , 8, and 16 weeks showed no recurrence of hematomas. All the patient's symptoms resolved. He returned to his regular work 3 months after the treatment; and at 1year followup he was asymptomatic.
Discussion
A patient with intracranial hypotension typically pre sents with headache, nausea, vomiting, and neck stiffness. Several conditions, including viral meningitis, migraine, tension headaches, cervicogenic headaches, sub arachnoid hemorrhage, intracranial tumors and other spaceoccupy ing lesions, and sagittal sinus thrombosis can produce a clinical picture similar to that of spontaneous intracranial hypotension. However, intracranial hypotension should be included in the list of differential diagnoses (suspect ed) when the above symptoms worsen when the patient is sitting or standing and improve when the patient is ly ing down. Low opening CSF pressure (< 6 cm of water) is also a typical finding in patients with intracranial hy potension, although, in cases of CSF leaks that are small and/or intermittent, the opening CSF pressure can be seemingly normal. When subdural hematomas are pres ent, the pressure may be normal or high.
Invasive procedures have been the most commonly reported causes of intracranial hypotension. However, intracranial hypotension following manipulative therapy such as massage and chiropractic therapy has also been reported. 16 Although in our patient it was not determined what the exact cause of intracranial hypotension was, we believe that the massage therapy did play a role in wors ening the CSF leak and the associated symptoms. The downward displacement of the cerebrum and the brain stem due to intracranial hypotension exerts a shearing force on the bridging veins in the subdural space causing them to bleed bilaterally into the space, 4, 5, 15 which is what probably happened in our patient twice.
Computed tomography myelography, radionuclide scanning, or MR imaging can be used to confirm the clinical diagnosis of CSF leak. Radionuclide scans are less useful than CT myelograms for initial screening. 15 Magnetic resonance images and CT myelograms may re veal pachymeningeal enhancement, CSF accumulation in the subdural space, subdural hematomas, compression of underlying parenchyma, and herniation of the brainstem. In our case, however, the presence of bilateral subdural hematomas may have obscured low pressure changes in the brain on the MR image. Full spinal MR imaging was unrevealing. This case demonstrates the continued im portance of myelography in cases of CSF leak, although there is always the concern that a CSF leak could occur as a result of the myelography procedure itself. In the future, newer sequence techniques in MR myelography may provide highquality images of the subarachnoid space without the need for radiation or intrathecal con trast material. 18 Conservative management for occult CSF leak with bed rest, hydration, caffeine, abdominal binders, and an algesics may be useful initially, and in some cases may even be the only treatment required. If conservative management fails, then an EBP performed in the lumbar region is an initial choice of treatment. The first lumbar EBP performed at another hospital did give shortterm symptom relief, and that is why we choose to perform this relatively lowrisk, commonly performed procedure at our hospital. A lumbar EBP increases the intrathecal pressure by compressing the dural sac and also seals the defect, if the leak is in the lumbar region. However, a lumbar EBP may not be as effective in sealing a leak that is located higher in the cervical region. This may be because the blood introduced via the lumbar region may not effectively seal the defect. Sealant effect of the blood in the epidural space is more crucial than the tamponade effect in providing longlasting relief from symptoms. An EBP performed directly at the site of the leak will seal the dural defect more effectively. 2 This has been confirmed in rat experiments in which an EBP at the site of a dural leak restored CSF pressure to normal, but an EBP injection 2 cm away was unsuccessful. 11 In our case, the patient did not obtain lasting relief following either of the 2 lumbar EBPs. The repeated formation of bilateral subdural he matomas and the relatively long duration of symptoms in this patient indicate the chronicity of the condition that also may have contributed to the failure of the lumbar EBPs. In cases such as this, locating the site of the leak on a CT/myelogram and performing an EBP directly at that site is very effective in providing dramatic and long lasting relief, as was seen in our patient. However, cau tion needs to be observed when performing cervical EBP, and as in this case the patient has to be able to cooperate with repeated neurological examinations during the slow injection of the epidural blood. We did not perform the CT myelography first because of the presence of symp tomatic bilateral subdural hematomas and our concern that the lumbar puncture necessary for CT myelography might worsen the patient's condition by lowering his in tracranial pressure or causing a confounding lumbar CSF leak because his thecal sac was under pressure due to the intracranial subdural hematomas Cranial subdural hematomas have been reported as a rare complication of spinal surgery 17 and of spinal fluid drainage. 3 Only 2 other previous cases have been report ed in which a spontaneous occult CSF leak has caused cranial subdural hematomas. 12, 13 As in our case, the he matomas recurred prior to CSF leak repair, illustrating the necessity of identifying and repairing the CSF leak immediately after evacuating the hematomas. This is the first case of spontaneous CSF leak leading to cranial sub dural hematomas repaired by a high cervical blood patch. Although we cannot be absolutely certain that the high cervical dural tear caused the subdural hematomas, treat ments that did not target the cervical region did not pre vent recurrence of the subdural hematomas. Only when we targeted the cervical leak did the recurrent subdural hematomas and patient's symptoms resolve.
Complications of cervical EBPs include spinal cord and nerve root compression, chemical meningitis, in trathecal injection of blood, seizures, and stiffness of the neck.
Given the seriousness of the complications, patients should be monitored closely during the procedure as well as for several hours after the procedure. In addition, the exact amount of blood to be injected for these procedures has not been studied; given the narrow nature of cervical structures compared with the lumbar region, however, we anticipated that 10 ml blood would achieve the desired effect of sealing the dural tear. For some physicians, a di rect surgical repair may be an appropriate option. In con clusion, in cases in which a postural headache precedes the formation of subdural hematomas, a strong suspicion of occult CSF leak should be maintained.
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